properties, including physical and chemical properties, and is the key problem of grassland degradation. Soil degradation obviously lags behind vegetation degradation and is not apparent. However, once the soil degrades, its recovery period is long and difficult [4] .
The severely degraded grassland not only greatly reduces foraging productivity but also leads to ecological problems. Degraded grassland is widespread and has recently been spreading across the Qinghai-Tibetan Plateau. Therefore, various measures have been implemented with the aim of rehabilitating degraded grassland in which grazing exclusion is widely employed as an effective tool.
In recent years, intensive studies have been conducted concerning the effects of grazing exclusion or degradation on grassland -especially on vegetation [5] , soil nutrients [6] , and soil seed banks [7] . However, studies on the effectiveness of grazing exclusion have had many inconsistent results. Several researchers [8, 9] found that grazing exclusion could strongly increase soil fertility and carbon storage. Others [10] reported that soil carbon storage decreased at non-grazed sites compared with adjacent grazed sites. The different results between studies might be related to location, grassland type, and exclusion time. Nevertheless, relevant studies in the alpine region were inadequately conducted because of the harsh climate.
Maqin County (hereafter Maqin), located in southeast Qinghai Province, is the national "three river sources" ecological reservoir. Alpine meadow occupies 1.31 million hm 2 , covering 91% of Maqin. Alpine meadow encountered a similar degradation problem as grassland in other areas. Grazing exclusion was generally adopted to recover the degraded meadow in this region while the response of soil and plants was not fully understood. So quantifying the effects of grazing exclusion is helpful for better understanding these restorations mechanisms and for developing appropriate management and conservation techniques for degraded grassland.
Materials and Methods

Study Area
This study was conducted in Maqin grassland of Qinghai Province, China, which is located in the eastern part of Qinghai-Tibetan Plateau with an average altitude of 3,700 m. The mean annual precipitation is between 423-565 mm and annual air temperature is between -3.8 to 3.5ºC, respectively. The vegetation surrounding the study site is classified as Kobresia meadow. Root concentrated depth is about 0-30 cm.
Field Sample and Laboratory Analysis
We established three experiment plots with similar soil types and plant species within Maqin grassland, including medium degradation (MD), light degradation (LD), and grazing exclusion (GE, which has been fenced since 2005; Table 1 ). The field survey was carried out in August 2013, which is a typical period of peak aboveground biomass. In each plot, three sampling quadrats (50 cm × 50 cm) were established randomly. Aboveground biomass in these quadrats was determined by clipping the plants above the ground and drying for constant weight. Then at the center of each quadrat, belowground biomass of 0-10 cm, 10-20 cm, and 20-30 cm depth were collected using a soil sampler of 8 cm diameter. Samples were washed to remove the soil and stone. Aboveground and belowground biomasses were dried at 65ºC for about 24 h and 48 h to a constant weight, respectively. Soil samples were collected using a soil sampler (diameter 3 cm) from three layers of 0-10 cm, 10-20 cm, and 20-30 cm. Samples were air-dried and cleared of roots for analyzing the soil organic carbon and total nitrogen contents, which were determined by oil bath-K 2 CrO 7 titration method and K 2 CrO 7 + H 2 SO 4 digestion, respectively. They were measured by the Analytical Testing Center at the Northwest Institute of Plateau Biology, Chinese Academy of Sciences.
Soil bulk density and water-holding capacity were measured in a series of experiments with a soil wreath knife. Natural soil along with soil wreath knife is weighed (m s1 , g) after 12 h of soaking to calculate the saturated water content (C max , g·cm -3 ). Put on the dry sand for 2 h when non-pore water is drained out completely, and weighed (m s2 , g) to calculate capillary water content (Ccap, g·cm -3 ). Then the soil with soil wreath knife is dried to constant weight (m s3 , g). Finally, the soil wreath knife is weighed (m s0 , g). The details of the method can be found in "Research Method of Forest Soil" [11] . The equations of soil bulk density (D) and water-holding capacity are as follows: 
Results
Vegetation Response
Soil types of all the three sites were subalpine meadow soil (Table 1) . Stipa and Kobresia were typical plants in this area and were the dominant species in GE and LD (Table  1) . Coverage by poisonous weeds increased greatly and Stipa decreased greatly in MD. Plant coverage was 100% and 65% in GE and MD, and decreasing with degradation gradients. Aboveground biomass in GE reached 459.29 g·m -2 , which was much higher than that in the degraded plots. It was only 132.53 g·m -2 in MD and was just one third of GE. Belowground biomass showed the same trend with aboveground biomass among these plots (Table 1) .
Bulk Density and Water-Holding Capacity
Analysis of variance showed significant differences in bulk density, capillary water, and saturated water between GE and degraded plots, and these differences depended on soil depth (Table 2 ). Bulk density ranged from 0.49 to 1.41 g·cm -3 and increased with increasing soil depth. Grazing exclusion could significantly decrease topsoil (0-10 cm) bulk density by 50.50% and 54.21% compared with that in LD and MD. Although soil bulk density in GE was also the lowest at 10-20 cm, it was not significantly altered in response to grassland degradation. Similarly, there was little significant difference of the soil bulk density in 20-30 cm between GE and degraded plots. In 10-20 cm, bulk density in GE was just higher than that in MD.
Soil water-holding capacity is the amount of water that a given soil can hold against the force of gravity. Soil capillary water and saturated water were both higher in GE compared with degraded grassland (Table 2) . Capillary water varied from 288.2 to 1,509 g·kg -1 and negatively correlated with bulk density. It was higher in GE and was highest at 0-10 cm depth. It decreased along degradation gradients and soil depth. Saturated water positively related to capillary water. Meanwhile, capillary water was very close to saturated water, suggesting that capillary porosity accounted for most of the soil porosity and was an appropriate indicator for soil water-holding capacity.
Soil Organic Carbon and Total
Nitrogen Content
Soil organic carbon content was higher in GE than that in the degraded plots of all three soil layers (Fig. 1) . Soil organic carbon content of 0-10 cm reached 80.87 g·kg -1 in GE and 11.85 g·kg -1 in LD. The difference between GE and degraded plots decreased in deeper soil. Surprisingly, soil organic carbon content of 0-10 cm and 10-20 cm in MD was higher than that in LD.
Total soil nitrogen content decreased along degradation gradients and soil depth (Fig. 2) and was higher in GE than in MD and LD. The significant difference occurred only in the 0-10 cm soil layer. In general, grazing exclusion had significant positive effects on total nitrogen content, ranging from 5.44 g·kg -1 in MD to 12.68 g·kg -1 in GE, and decreased with degradation gradients (Fig. 2) .
Discussion
Overgrazing of livestock can alter plant communities and cause soil erosion and loss of biodiversity, and this is the main factor that has led to grassland degradation across the Qinghai-Tibetan Plateau. Changes of community composition and structure were the symbols of grassland degradation. These were mainly reported in biomass decline, ruderal increase, and a reduction in quality forage [12] . Grazing exclusion was generally expected to improve plant cover, plant biomass, and species biodiversity [13, 14] , and then promote the stability and sustainable development of the grassland. Notes: Different letters mean significant differences (P < 0.05) between the treatments. Values following "±" represent standard error.
Livestock grazing, which is the most common form of land use, may also cause spatial variations of vegetation and soil properties over the Qinghai-Tibetan Plateau [15] . The results in this study showed that grazing exclusion in Maqin alpine meadow could obviously increase aboveand belowground biomass and coverage, which was coincident with other studies [16, 17] . As we know, longterm grazing accelerated leaf and shoot loss by domestic animal browsing and trampling, which should affect community composition and result in lower above-and belowground biomass and palatable species coverage. After grazing exclusion and the removal of animal ingestion, biomass and coverage accumulated -especially edible forage, for example Stipa and Kobresia. Then they turned out to be the dominant species in the grazing exclusion for years.
The increased ground cover following exclusion of livestock effectively protected fine soil particles from loss by wind erosion. The elimination of soil trampling by livestock, as well as the high organic matter content and the presence of extensive shallow root systems, contributed to a significant decrease in bulk density of the exclusion areas. But this appeared in the top soil layer, which is consistent with the results of other researchers who found that during restoration of degraded land regions, soil improvement occurred primarily at the surface [18] .
The results showed that soil carbon and nitrogen content increased significantly in GE, and this is in agreement with other studies. The improvement of soil carbon and nitrogen to some extent was due to an increase in plant organic matter inputs. Grazing exclusion induced a large amount of litter. Improvement of soil nutrient conditions in grassland can promote the growth of plant species and biomass accumulation, especially for palatable grasses that have grater competitive abilities than unpalatable grasses. Therefore, a grazing exclusion could trigger a positive loop. Higher soil nutrients are probably caused by the larger community coverage. Many reporters have found that the plant coverage had a significant positive effect on soil qualities in grassland [19, 20] . Degraded grassland produces much less and poorer forage production. Consequently, it causes serious problems with livestock production and environmental protection.
Soil nitrogen content in MD was lower than in LD. This was agreed upon with many studies, but the soil carbon content of 0-20 cm in MD was higher than in LD. One explanation was that inedible plants had higher root/shoot ratios, which could increase the distribution of carbon to soil in MD [21] . Another explanation was that soil changes tended to have non-synchronization with the evolution of vegetation in the degeneration process. Soil changes lagged behind the vegetation transition [22] .
Soil water capacity is fundamental to grassland ecosystem functions owing to its driving force to plant productivity and its regulations of biogeochemical process in soils [23] . Land use patterns could have a substantial influence on soil water-holding capacity [24] . In this study, soil in GE had the maximum water-holding capacity with higher capillary and saturated water because growing grass root might be important for increasing water-holding capacity. Besides, biochar addition could increase waterholding capacity of the soil [25] .
Conclusion
Above-and belowground biomass in grazing exclusion were higher than in the degraded grassland. Vegetation coverage and edible forage also were raised in the grazing exclusion. Grazing exclusion could significantly decrease soil bulk density, especially in the upper layer. Soil capillary water and saturated water were both higher in grazing exclusion compared with grazing grassland in the 0-30 cm depth. Soil organic carbon and nitrogen content were much higher in the grazing exclusion, so we concluded that grazing exclusion was an effective restoration approach to control grassland degradation in Maqin. Fig. 1 . Soil organic carbon content in grazing exclusion and degraded grassland. Notes: Different letters mean significant differences (P < 0.05) between the treatments. Error bars represent standard error. Fig. 2 . Soil nitrogen content in grazing exclusion and degraded grassland. Notes: Different letters mean significant differences (P < 0.05) between the treatments. Error bars represent standard error.
